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(57) ABSTRACT

An electrical connector may have connector contacts. Pro-
tection circuitry in the connector may prevent circuit dam-
age. The protection circuitry may include diodes that shunt
excessive voltages to ground. The protection circuitry may
be implemented in a semiconductor die. The semiconductor
die may be embedded within a substrate layer in a printed
circuit. The printed circuit may form the body of the
connector. Connector contacts may be formed on upper and
lower surfaces of the printed circuit. Conductive structures
such as vias in the printed circuit may be used to couple
semiconductor die contacts on the semiconductor die to the
connector contacts. The semiconductor die may be a double-
sided die having first and second semiconductor dies that are
bonded to each other in a back-to-back configuration.

19 Claims, 9 Drawing Sheets

90

=
>

it4a

i14B

80B



U.S. Patent

Sep. 27, 2016 Sheet 1 of 9

US 9,455,539 B1

/
ELECTRONIC DEVICE
CONTROL e
CIRCUITRY
; I I —~12
INPUT-OUTPUT s

DEVICES

Fite. 1



U.S. Patent Sep. 27, 2016 Sheet 2 of 9 US 9,455,539 B1

LAMINATION | 26 PATTERNING § 28
TOOLS TOOLS

DIE, PRINTED CIRCUIT
BOARD STRUCTURES,
DEVICE

BONDING TOOLS, PACKAGING TOOLS,

AND TOOLS FOR FABRICATING AND -

ASSEMBLING ELECTRONIC
DEVICE

FIG. 2



U.S. Patent Sep. 27, 2016

FABRICATE SUBLAYERS
OF PRINTED CIRCUIT
BOARD EACH CONTAINING

FORM PRINTED CIRCUIT
BOARD WITH STACKED
DIES

EMBEDDED 34
SEMICONDUCTOR
DIE
\ 1
JOIN SUBLAYERS TO ,
36

¥

Sheet 3 of 9 US 9,455,539 B1

STACK DIES
(E.G., JOIN DIES

DIES IN PRINTED
CIRCUIT BOARD

USING 40
DIE ATTACH
FILM)
¥
EMBED STACKED 42

¥

INCORPORATE PRINTED CIRCUIT BOARD
WITH STACKED DIES INTO
ELECTRONIC DEVICE CONNECTOR

FIG. 3

(o]

L]



U.S. Patent Sep. 27, 2016 Sheet 4 of 9 US 9,455,539 B1

o0 58 6o
. ; i"""‘é—"'i / r"""-f:""—u
54/\%
6 ~ |
543{
60 38 60
FIG. 4

76—E ;)>§4D

z
=
"

FiG. §



U.S. Patent Sep. 27, 2016 Sheet 5 of 9 US 9,455,539 B1

24
22 '

82 P
o "'L/“//_/_/‘ Cers
/ o e
80<
0 \\ /
A" 1/

FIG. 6



U.S. Patent Sep. 27, 2016 Sheet 6 of 9 US 9,455,539 B1

27
T
¥
92
80T / /
] T i
90__1..»‘\ & Z 2 pa 2z /{ Z rd 2 Z rd 4 Z. 2 yd Z 1 g
90T fome e
82 960G F o = =
) Lo
4
|
90—~ /l
/
) % L [ ]
S 801 , ’\ /’
80 92 54D

Fits. 7



U.S. Patent

Sep. 27, 2016 Sheet 7 of 9 US 9,455,539 B1
%
Q&b /,/ - 104T
e \\ = /‘ 1
G g 7z )
| A
~ e
S P - N 14
~— 98
| T
G . ~ 100
i _F i
\\\_ '8
P E - - - 160
98
§ J
G} < PE b - T~ 100M
; i [ - —OR
1i ! ELA “E»\\\ 10
G E 5 A Vot 7 N
Py A \‘” 08
] | = \ T
) b 3 —~— 100
b [ fa e ¥ a2 e /{ .
‘ — 93
| N T
G{ ; P 77'3' : /‘X" : Z»..— 160
A
% T )
- o [ |
96 04

FIG. &



U.S. Patent

US 9,455,539 B1

Sep. 27, 2016 Sheet 8 of 9
22
L
¥
80T 80T
)
[
{ f ! { i
9
R 104+ 104
1i2A 110A i14A
/ \
- /// ( \\\ ~
P g 1 'i ‘} F( H e non nen ame
~ # A
I C A L
™~ N 54
54D < 4
~ 76
S V- T i
| N | s
e N 77 4} " r) ] "o
\. / / -
b 1108 g
112B 1148
104 104
[ 1 - ]
1/ (/
30B 80B

FIG. !

> 160T

> 100M

>100B




US 9,455,539 B1

Sheet 9 of 9

Sep. 27, 2016

10

FiG.

U.S. Patent

{
-
M 1 ¢ 8 % ¥ 2 ®
P [
m i mwwmnwr EEEEEE m.. EEEEEEE =3
/W/_ by LT .,mn.!...i,w ]
I A O R .
hOF W ZTIIITTTY .
Ittt S N I T R B
» oo x oocol 6 oo d oo o oo o wde o | i i
- annRnng Sy rndnnn annRnng i rnrdhnn annRnng
ooford o eofeed e ooord e
N, \\ N\ / \, \\
N/ NS N/
)l ) i ,<
S S~ s
e} oc oo}
\\ T T
rr\
& m
00./,./{m



US 9,455,539 Bl

1
CONNECTOR HAVING PRINTED CIRCUIT
WITH EMBEDDED DIE

BACKGROUND

This relates generally to connectors, and, more particu-
larly, to incorporating circuitry into connectors.

Electronic devices such as computers, cellular telephones,
and other equipment may have connector ports. The con-
nector ports may receive connectors associated with cables
and other accessories. For example, a cable may be mated
with a connector in a connector port to provide a device with
data and power.

Connectors are increasingly being formed in devices in
which space is a premium. As a result, many connectors are
being miniaturized. Connectors often require ancillary cir-
cuitry such as circuitry for implementing electrostatic dis-
charge protection features. However, there is limited space
available in miniaturized connectors to provide this cir-
cuitry.

It would therefore be desirable to be able to provide
improved connectors.

SUMMARY

Electrical connectors may be used to couple electronic
equipment together. A connector may have connector con-
tacts that mate with corresponding connector contacts on an
associated connector. The connector contacts may be
coupled to internal protection circuitry within the connector.
The protection circuitry may prevent electrostatic discharge
events and other sources of excessive voltages on the
connector contacts from damaging circuitry in an accessory
or other electronic device associated with the connector. The
protection circuitry may include diodes that shunt excessive
voltages to ground.

Circuitry for a connector such as overvoltage protection
circuitry may be implemented in a semiconductor die. The
semiconductor die may be embedded within a substrate
layer in a printed circuit. The printed circuit may form the
body of the connector. Connector contacts may be formed on
upper and lower surfaces of the printed circuit. Conductive
structures such as vias in the printed circuit may be used to
couple semiconductor die contacts on the semiconductor die
to the connector contacts.

The semiconductor die may be a double-sided die having
first and second semiconductor dies that are bonded to each
other in a back-to-back configuration. Circuitry in the first
die may be coupled to connector contacts on the upper
surface of the printed circuit. Circuitry in the second die may
be coupled to connector contacts on the lower surface of the
printed circuit. The first and second dies may be bonded to
each other using die attach film or other bonding arrange-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an illustrative electronic
device in accordance with an embodiment.

FIG. 2 is a diagram of illustrative equipment of the type
that may be used in processing printed circuit and semicon-
ductor die structures for an electronic device in accordance
with an embodiment.

FIG. 3 is a flow chart of illustrative steps involved in
forming an electronic device with stacked semiconductor
dies in an embedded printed circuit board in accordance with
an embodiment.

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 4 is a cross-sectional side view of a pair of semi-
conductor die being bonded using a die attach film in
accordance with an embodiment.

FIG. 5 is a cross-sectional side view of the pair of
semiconductor die of FIG. 4 after stacking to form a
double-sided die in accordance with an embodiment.

FIG. 6 is a perspective view of an illustrative electronic
device port and mating connector in accordance with an
embodiment.

FIG. 7 is a cross-sectional side view of an illustrative
connector having a semiconductor device embedded within
a printed circuit in accordance with an embodiment.

FIG. 8 is a cross-sectional side view of an illustrative
printed circuit board that forms a body for a connector in
accordance with an embodiment.

FIG. 9 is a cross-sectional side view of a printed circuit
board connector structure having an embedded double-sided
semiconductor die in accordance with an embodiment.

FIG. 10 is a top view of an illustrative connector including
an embedded semiconductor die in accordance with an
embodiment.

DETAILED DESCRIPTION

An electronic device may have one or more electrical
connector ports. Connectors may be mated together to
facilitate the transfer of data and power signals. For
example, an electronic device connector may mate with a
corresponding connector on a cable or other accessory so
that data and/or power may be transferred between the
device and accessory.

Tustrative equipment that may include one or more
connectors is shown in FIG. 1. The equipment of FIG. 1
includes electronic device 10 and a corresponding electronic
device such as accessory 24. Electronic device 10 may be a
tablet computer, laptop computer, a desktop computer, a
display, a cellular telephone, a media player, a wristwatch
device or other wearable electronic equipment, or other
suitable electronic device. Device 24 may be a power supply,
a data cable, an accessory such as a pair of headphones or
a dock that may be coupled to device 10, a case (e.g., a case
with a supplemental battery), a memory stick, an adapter, a
device such as device 10 (e.g., a peer device), or other
suitable electronic equipment.

As shown in FIG. 1, electronic device 10 may have
control circuitry 16. Control circuitry 16 may include stor-
age and processing circuitry for supporting the operation of
device 10. The storage and processing circuitry may include
storage such as hard disk drive storage, nonvolatile memory
(e.g., flash memory or other electrically-programmable-
read-only memory configured to form a solid state drive),
volatile memory (e.g., static or dynamic random-access-
memory), etc. Processing circuitry in control circuitry 16
may be used to control the operation of device 10. The
processing circuitry may be based on one or more micro-
processors, microcontrollers, digital signal processors, base-
band processors, power management units, audio chips,
application specific integrated circuits, etc.

Input-output circuitry in device 10 such as input-output
devices 12 may be used to allow data to be supplied to
device 10 and to allow data to be provided from device 10
to external devices. Input-output devices 12 may include
buttons, joysticks, scrolling wheels, touch pads, key pads,
keyboards, microphones, speakers, tone generators, vibra-
tors, cameras, sensors, light-emitting diodes and other status
indicators, data ports, displays, etc. A user can control the
operation of device 10 by supplying commands through
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input-output devices 12 and may receive status information
and other output from device 10 using the output resources
of input-output devices 12.

Device 10 (e.g., input-output devices 12) may include one
or more connectors (e.g., Universal Serial Bus connectors
(type A, type B, type C, Mini-A, Mini-B, Micro-A, and
Micro-B), DisplayPort™, Apple Lightning®, HDMI®, or
any other suitable connectors). A connector in device 10
such as connector 20 may be configured to mate with a
connector such as connector 22 in accessory (device) 24.
Device 24 may include some or all of the components of
device 10 and/or other suitable components. Connectors 20
and 22 may be male and/or female connectors. To minimize
connector size, connectors such as connectors 20 and 22
may be formed from printed circuits that contain embedded
circuitry. The use of a printed circuit with embedded cir-
cuitry to form a male connector (e.g., connector 22) is
sometimes described herein as an example. This is, however,
merely illustrative. A printed circuit with embedded circuitry
may be used in forming a connector for device 10, may be
used in forming a female connector, or may be used in
forming any other suitable type of electronic device struc-
ture.

Tlustrative equipment of the type that may be used in
forming printed circuit structures for connectors such as
connector 22 and device 20 (and/or connector 20 and device
10) is shown in FIG. 2. As shown in FIG. 2, one or more
semiconductor dies, printed circuit board structures, and
other connector and device components (shown collectively
as structures 32) may be processed using equipment such as
equipment 26, 28, and 30. Lamination tools 26 may include
equipment for pressing together layers of material such as
partially cured printed circuit board cores (sometimes
referred to as prepreg), layers of metal, dielectric, etc.
Lamination tools 26 may apply heat to help cure the layers
that are being laminated together. Patterning tools 28 may
include photolithographic tools, etching tools, and other
tools for patterning metal layers (e.g., metal layers in printed
circuit) to form desired patterns of traces. Tools 30 may be
used to form electrical connections (e.g., wire bonds, solder
connections, welds, etc.) and may be used to form openings
in printed circuit structures (e.g., using stamping, laser
drilling, mechanical drilling, cutting, machining, etc.). Elec-
trochemical deposition equipment (e.g., electroplating
equipment) and other equipment may be used for forming
metal vias in printed circuits. Tools 30 may be used in
applying adhesive films and other layers, may be used in
removing layers of material, may be used in assembling
components of a connector and or device together to form all
or part of a completed connector and/or device, and may be
used in otherwise processing structures 32.

To conserve space within a connector, it may be desirable
to be able to stack electrical components (e.g., multiple
semiconductor dies) and to embed the semiconductor dies
within printed circuits. A printed circuit with an embedded
semiconductor die may then be used in forming a connector.
The semiconductor die may include circuitry such as diode
circuits or other circuitry that helps protect a device from
damage due to overvoltage conditions (e.g., electrostatic
discharge events in which electrostatic charge is deposited
on one or more of the contacts of a connector). Printed
circuits into which semiconductor dies are embedded in this
way may be flexible printed circuits (e.g., printed circuits
having substrates formed from layers of polyimide or flex-
ible sheets of other polymers) and/or rigid printed circuit
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boards (e.g., printed circuit boards formed from printed
circuit board substrate materials such as fiberglass-filled
epoxy).

Tustrative steps involved in forming printed circuits with
stacked semiconductor dies are shown in FIG. 3. As shown
in FIG. 3, one illustrative approach for forming printed
circuits with stacked dies involves fabricating multiple sub-
layers of printed circuit board material that each include an
embedded semiconductor die (step 34) and subsequently
joining (e.g., laminating) the sublayers together to form a
completed printed circuit (step 36). The printed circuit board
with the stacked dies may then be incorporated into a
connector 22 (step 38). With another illustrative approach,
semiconductor dies are stacked together at step 40 (e.g.,
using adhesive such as die attach film or other die bonding
techniques). After forming stacked semiconductor dies at
step 40, the stacked dies may be embedded within a printed
circuit (step 42) and assembled with other structures to form
connector 22 (step 38).

To increase die density, some or all of the dies embedded
in the printed circuit layers that are used to from connectors
may be formed using double-sided semiconductor struc-
tures. In a double-sided structure, two semiconductor dies
(e.g., two silicon dies) may be attached to each other using
a layer of die attach film or other adhesive. The die attach
film may be thermally conductive, electrically conductive,
magnetically conductive, or may have other desired prop-
erties. The semiconductor dies that are bonded together in
this way may be coupled in a back-to-back configuration
(i.e., with their contacts facing away from each other).

Consider, as an example, the arrangement of FIG. 4.
Semiconductor die 54A and 54B of FIG. 4 each include a
semiconductor substrate on which circuitry 58 (e.g., diodes,
transistors, etc.) and contacts 80 are formed. As shown in
FIG. 4, die attach film 76 may be used to attach upper
semiconductor die 54A to lower semiconductor die 54B
(e.g., using lamination), thereby forming double-sided semi-
conductor die 54D of FIG. 5. Dies 54A and 54B may be
identical or may be different types of devices.

Double-sided semiconductor die 54B (sometimes referred
to as a dual stacked semiconductor die) may be embedded
within the dielectric substrate material of a printed circuit.
The printed circuit may include multiple metal layers inter-
leaved with multiple substrate layers. The metal layers in a
printed circuit may be patterned to form metal traces (e.g.,
to form interconnects). Metals such as copper (e.g., layers of
copper foil, electroplated copper, etc.) may be used in
forming the printed circuit metal layers. The metal layers in
a printed circuit may be separated by dielectric layers. The
dielectric layers may be formed from polymers or other
insulating materials. In their uncured state, the layers of
polymer material in a printed circuit board substrate may be
referred to as prepreg layers. After curing (e.g., by applica-
tion of heat), prepreg is converted to a fully cured (C-stage)
state and forms printed circuit board core material. Printed
circuit board substrate material such as prepreg material and
core material may sometimes be collectively referred to as
the substrate material or the substrate layers of a printed
circuit.

FIG. 6 is a perspective view of illustrative connector
structures 84. Structures 84 include connector 22 of acces-
sory 24 and associated connector 20 of device 10. As shown
in FIG. 6, connectors such as connectors 20 and 22 may have
mating contacts 80. Contacts 80 (which may sometimes be
referred to as connector pins or pads) may be formed from
conductive materials such as metal. When connector 22 is
mated with connector 20, contacts 80 of connector 22 mate
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with corresponding contacts 80 in connector 20. This elec-
trically connects contacts 80 of connector 22 to contacts 80
of connector 20 so that signals can pass between connectors
20 and 22. Connector 22 of FIG. 6 has a body with a
rectangular cross sectional shape. The body of connector 22
(and each long side of the box-shaped body in the example
of FIG. 6) extends along longitudinal axis 82. Contacts 80
are formed on the upper and lower surfaces of the body of
connector 22. Other connector shapes may be used if
desired.

A cross-sectional side view of an illustrative connector is
shown in FIG. 7. As shown in FIG. 7, connector 22 may
include circuitry such as semiconductor die 54D. Die 54D
may include, for example, diode circuitry (e.g., protection
diodes) for providing electrostatic discharge protection
(ESD protection) to contacts 80. Die 54D may be imple-
mented using one or more semiconductor die (e.g., silicon
die). For example, Die 54D may be a double-sided die
having first and second semiconductor die mounted in a
back-to-back configuration (i.e., mounted so that a first of
the die faces upwards and is coupled to contacts 80T on the
upper surface of contact 22 and so that a second of the die
faces downwards and is coupled to contacts 80B). Configu-
rations in which a single-sided semiconductor die is used in
place of a double-sided die may also be used.

Die 54D may be embedded within printed circuit 90.
Printed circuit 90 may make up the body of connector 22.
Metal contacts for connector 22 such as upper contacts 80T
and lower contacts 80B may be formed on the opposing
upper and lower surfaces of printed circuit 90.

Printed circuit 90 may have an elongated shape that
extends along longitudinal axis 82, as described in connec-
tion with connector 22 of FIG. 6 or may have other suitable
shapes. As shown by illustrative layers 90-1, 90-2, and
90-3, . . ., printed circuit 90 may contain multiple layers of
material. In particular, printed circuit 90 may contain mul-
tiple metal layers that may be patterned to form contacts 80
and internal interconnect layers and may contain multiple
dielectric substrate layers (i.e., prepreg which is cured to
form printed circuit core material). Die 54D may be embed-
ded within one or more of the substrate layers (e.g., within
embedding substrate material that flows from the prepreg
material or other material in the substrate layers when heat
and pressure is applied during lamination). Metal vias may
pass through the substrate layers to interconnect the metal
layers (e.g., to interconnect contacts 80 with the circuitry of
die 54D). Support structures 92 (e.g., metal support struc-
tures, molded plastic or other dielectric support structures,
etc.).

A cross-sectional side view of connector 22 in an illus-
trative configuration in which connector 90 has a body
formed from printed circuit 90 is shown in FIG. 8. Dielectric
mask layers 96 (sometimes referred to as solder mask layers)
may be formed on the top and bottom of printed circuit 90
and may have openings that overlap contacts on the upper
surface of printed circuit 90 and contacts on the lower
surface of printed circuit 90. Dielectric layers 96 may be
formed from polyimide, other polymers, inorganic dielec-
tric, or other dielectric material.

Printed circuit 90 may include metal layers 98 that are
interleaved with substrate layers such as substrate layers 100
and 100M. Die 54D may be embedded within one or more
of' the substrate layers of printed circuit 90. For example, die
54D may be embedded within middle substrate layer 100M
or other suitable substrate layer(s) in printed circuit 90.

With the arrangement of FIG. 8, there is a substrate layer
interposed between each adjacent pair of metal layers and a
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metal layer interposed between each adjacent pair of dielec-
tric substrate layers. The metal layers may be patterned to
form contacts (on the top and bottom surfaces of printed
circuit 90) and to form internal signal paths. Conductive
structures such as vias 104 may interconnect the metal layers
of printed circuit 90. Vias 104 may pass through via open-
ings in the substrate layers of printed circuit 90. Vias 104
may pass through any single one of the substrate layers or
multiple overlapping (aligned) vias 104 may be stacked on
top of each other to create signal paths that pass through two
or more, three or more, four or more, five or more, six or
more, or seven or more substrate layers. As an example,
through via 104 has been formed by stacking seven vias on
top of each other. Via holes may be formed by laser drilling,
etching, or other suitable via hole formation techniques.
Metal may be deposited into the via holes to form vias using
physical vapor deposition, electrochemical deposition, or
other suitable metal deposition and patterning techniques.
With one illustrative approach, laser drilling is used to form
via holes, a cleaning operation is performed following laser
drilling, a metal seed layer is deposited (e.g., using physical
vapor deposition) following cleaning, and electrochemical
deposition (e.g., electroplating) is used following seed layer
deposition to grow a desired amount of metal in the via
holes.

The metal layers of printed circuit 90 of FIG. 8 may be
used for analog and digital data signals (signals S), ground
signals (G), and power supply signals (P). These signals may
be routed to contacts 80 using vias 104. Signal layers S may
each be sandwiched between upper and lower ground layers
G. Substrate layers 100 may be interposed between the
ground layers G and signal layers S. Power supply layers P
may be located on opposing sides of middle substrate layer
100M. Die 54D may be embedded within middle substrate
layer 100M. With one suitable arrangement, metal foil and
prepreg layers may be stacked on top of each other and
laminated together using heat and pressure. Die 54D may be
located in an opening in the substrate layers. When heat and
pressure are applied, some of the prepreg material in the
substrate layers may flow and form embedding substrate
material that holds die 54D in place within printed circuit 90
(i.e., within an opening formed in substrate layer 100M that
is filled with the embedding substrate material when the heat
and pressure is applied).

By selectively stacking vias 104 on top of each other, vias
104 may be used to form connections through one or more
substrate layers. For example, top contacts (see, e.g., con-
tacts 80T of FIG. 7) may be coupled to the internal metal
layers of printed circuit 90 using sets of two or more stacked
vias 104, which pass through two or more respective sub-
strate layers 100 and bottom contacts (see, e.g., contacts 80B
of FIG. 7) may be coupled to the internal metal layers of
printed circuit 90 using sets of two or more stacked vias 104
that pass through two or more respective lower substrate
layers 100. Vias 104 may also be used in an unstacked
configuration (to pass through a single printed circuit sub-
strate layer 100), may be used in stacks of twos (to pass
through a pair of printed circuit substrate layers 100), or may
be used in stacks of three or more vias to pass through three
or more printed circuit substrate layers). Metal traces 98 may
be used to route signals laterally (e.g., between a via in one
layer and another via in a subsequent layer of printed circuit
90). By using conductive structures in printed circuit 90 such
as vias 104 and patterned traces in metal layers 98, conduc-
tive paths can be formed that interconnect semiconductor die
contacts on die 54D with connector contacts 80.
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As shown in FIG. 9, die 54D may be a double-sided
semiconductor die having back-to-back dies 54A and 54B.
Stacks of vias 104 may pass through the upper substrate
layers 100 of printed circuit 90 (shown collectively as
substrate layer 100T) and may pass through the lower
substrate layers 100 of printed circuit 90 (shown collectively
as substrate layer 100B). Portions of metal layers 98 may be
interposed between respective vias 104, as shown in FIG. 8.
As shown in FIG. 9, dies 54A and 54B may be coupled
together using die attach film 76 or other suitable die
bonding technique. A conductive shield layer (e.g., a sepa-
rate metal foil layer, a deposited metal layer, a conductive
adhesive such as a conductive die attach film, etc.) may be
interposed between dies 54A and 54B (e.g., in the location
shown by die attach film 76 of FIG. 9) to reduce signal
interference between dies 54A and 54B.

Die 54D may contain communications circuitry, control
circuitry, sensor circuitry, input-output circuitry, or other
suitable circuitry. With one illustrative arrangement, which
is sometimes described herein as an example, die 54D
includes electrostatic discharge protection circuitry (some-
times referred to as overvoltage protection circuitry). The
circuitry of die 54D may include, for example, diodes such
as diode 110A of die 54A and diode 110B of die 54B. Die
54A may have contacts (pads) such as semiconductor die
contacts 112A and semiconductor die contacts 114A. Die
54B may have contacts such as semiconductor die contacts
112B and semiconductor die contacts 114B. Contacts 114A
and 114B may be ground contacts. The contacts of dies 54A
and 54B may be coupled to upper connector contacts 80T
and lower connector contacts 80B using vias 104, as shown
in FIG. 9.

Diodes 110A and 110B may have an anode terminal A
coupled to a ground contact (e.g., contact 114A, 114B, etc.)
and a cathode terminal C coupled to a signal contact (contact
112A, 112B, etc.). The polarity of the protection diodes in
die 54D may be arranged to prevent excess voltages from
developing (e.g., due to electrostatic charge). During normal
operation, diodes 110A and 110B are reverse biased and do
not pass significant current. [f however, an excessive voltage
(e.g., more than 20V, more than 30V, more than 10V, etc.)
develops on a signal terminal, the diode can conduct suffi-
cient reverse current (e.g., breakdown current) to discharge
the excessive voltage to ground. The use of protection
circuits based on diodes or other protection circuitry in dies
54A and 54B therefore helps to prevent damage to the
internal circuitry in accessory (device 24). The diode cir-
cuitry or other protection circuitry of upwards facing die
54 A may prevent excess voltages from developing on upper
contacts 80T and the diode circuitry or other protection
circuitry of downward facing die 54B may prevent excess
voltages from developing on lower contacts 80B.

Double-sided die 54D may be accommodated within a
single substrate layer such as substrate layer 100M (as an
example), which may help reduce the overall thickness of
substrate 90. Layer 100M may be about 0.2 mm thick or
other suitable thickness (e.g., more than 0.1 mm, less than
0.3 mm, etc.). Die 54D may be 0.15 mm thick or other
suitable thickness (e.g., more than 0.5 mm, less than 0.25
mm, etc.). The metal layers of printed circuit 90 may have
thicknesses of 0.05 mm, more than 0.03 mm, less than 0.07
mm, etc. Metal layers may be formed from metal foil, metal
deposited using physical vapor deposition, electrochemical
deposition (e.g., electroplating of a metal seed layer depos-
ited by physical vapor deposition), using chemical vapor
deposition, printed metallized ink traces, or metal deposited
using other suitable metal layer formation techniques. Layer
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100M may be used to separate metal layers that carry power
signals (see, e.g., respective upper and lower power signal
layers P in FIG. 8) or other suitable signals.

FIG. 10 is a top view of connector 22 showing an
illustrative pattern of upper contacts 80T that may be used
in forming connector contacts 80 on printed circuit 90 (i.e.,
the body of connector 22). As shown in FIG. 10, contacts
80T may have extended signal trace portions such as paths
80T" that couple contacts 80 to corresponding contacts on
die 54D. Paths 80T' may be formed form portions of
contacts 80 on the surface of printed circuit 90, may be
formed from traces in internal metal layers 98, and may
include vias.

The foregoing is merely illustrative and various modifi-
cations can be made by those skilled in the art without
departing from the scope and spirit of the described embodi-
ments. The foregoing embodiments may be implemented
individually or in any combination.

What is claimed is:

1. A connector, comprising:

a printed circuit that has opposing upper and lower

surfaces;
a semiconductor die that is embedded in dielectric in the
printed circuit and that has semiconductor die contacts;

connector contacts on the printed circuit, wherein the
connector contacts include upper connector contacts on
the upper surface and lower connector contacts on the
lower surface; and

conductive structures that couple the semiconductor die

contacts to the connector contacts.

2. The connector defined in claim 1 wherein the printed
circuit comprises metal layers and substrate layers.

3. The connector defined in claim 2 wherein the dielectric
in the printed circuit is formed using material from at least
one of the substrate layers.

4. The connector defined in claim 3 wherein the conduc-
tive structures include at least one via.

5. The connector defined in claim 4 wherein the metal
layers are interposed between the substrate layers.

6. The connector defined in claim 1 wherein the printed
circuit comprises metal layers that form signal paths and
comprises substrate layers that are interposed between
respective pairs of the metal layers and the dielectric in the
printed circuit is formed from a given one of the substrate
layers.

7. The connector defined in claim 6 wherein the conduc-
tive structures include vias that each pass through a respec-
tive one of the substrate layers.

8. The connector defined in claim 7 wherein the semi-
conductor die comprises a double-sided semiconductor die.

9. The connector defined in claim 8 wherein the semi-
conductor die comprises first and second semiconductor die
that are bonded to each other in a back-to-back configura-
tion.

10. The connector defined in claim 9 wherein the printed
circuit forms a body for the connector.

11. The connector defined in claim 10 wherein the first
and second semiconductor dies each include protection
circuitry.

12. The connector defined in claim 11 wherein the first
semiconductor die includes diodes coupled to the upper
connector contacts and the second semiconductor die
includes diodes coupled to the lower connector contacts.

13. The connector defined in claim 12 wherein the double-
sided die includes a die attach film that bonds the first
semiconductor die to the second semiconductor die.
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14. The connector defined in claim 13 wherein the die
attach film is conductive and forms a shield layer between
the first and second semiconductor dies.

15. A connector, comprising:

a printed circuit that forms at least part of a body for the
connector, wherein the printed circuit has vias that pass
through substrate layers and has opposing first and
second surfaces;

connector contacts on the printed circuit, wherein a first
set of the connector contacts are on the first surface and
a second set of the connector contacts are on the second
surface;

a semiconductor die that is embedded in one of the
substrate layers of the printed circuit and that has
semiconductor die contacts; and

vias that pass through the substrate layers and that couple
the semiconductor die contacts to the connector con-
tacts.

16. The connector defined in claim 15 wherein the semi-
conductor die comprises a double-sided semiconductor die
having first and second semiconductor dies that are bonded
to each other.

17. The connector defined in claim 16 wherein the first
semiconductor die has diodes that are coupled to the first set
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of the connector contacts and the second semiconductor die
has diodes that are coupled to the second set of connector
contacts.

18. A connector, comprising:

a printed circuit that forms at least part of a body for the
connector, wherein the printed circuit has vias that pass
through dielectric substrate layers and has metal layers
interposed between respective pairs of the dielectric
substrate layers, the metal layers include metal ground
layers, the metal layers include metal signal layers each
of which is interposed between a respective pair of the
metal ground layers, and the metal layers include a pair
of metal power layers;

connector contacts on the printed circuit;

a double-sided semiconductor die that is embedded in one
of the dielectric substrate layers of the printed circuit
between the metal power layers and that has semicon-
ductor die contacts; and

vias that pass through the substrate layers and that couple
the semiconductor die contacts to the connector con-
tacts.

19. The connector defined in claim 18 wherein the double-
sided semiconductor die comprises protection circuitry
including at least one diode coupled to at least one of the
connector contacts.



